Seismic diffractions, which are produced by heterogeneities smaller than seismic wavelength, have proved useful in a number of 2D and 3D applications. Among the challenges hampering the use of diffractions in seismic data processing is the sensitivity of diffraction separation after prestack migration to velocity errors. Therefore, it is essential to properly account for velocity anisotropy in diffraction separation and imaging.
INTRODUCTION
Seismic diffractions can improve the spatial resolution of seismic images and increase angular illumination (e.g., Klem-Musatov et al., 1994; Khaidukov et al., 2004) . The higher resolution of diffraction images allows identification of small-scale heterogeneities invisible to reflections, whereas the wider angular coverage could help in estimating anisotropy coefficients without extending the offset range (Tsvankin, 2012) . Diffractions have been applied to fault identification (Fomel et al., 2007) , delineation of salt boundaries (Aizenberg et al., 2011) , fracture characterization (De Ribet et al., 2017; Grasmueck et al., 2014) , time-lapse monitoring (Alonaizi et al., 2013) , etc. 3D processing of diffraction events can provide important information that supplements reflection-based interpretation. For example, Dell and Gajewski (2011) perform 3D diffraction imaging of stacked sections using commonreflection-surface (CRS) method, while Berkovitch et al. (2012) present an application to diffractions of the 3D multifocusing method. Klokov et al. (2017) , Alonaizi et al. (2013) , Pelissier et al. (2012) , Moser (2011) and Pelissier et al. (2011) study the 3D diffraction response of such features as faults, fracture networks, salt diapirs, and other heterogeneities. Diffractions are frequently used to detect shallow buried objects in 3D GPR (ground penetrating radar) surveys (Grasmueck et al., 2005) . Some of the challenges associated with utilizing diffractions are their low amplitudes, limitations of the processing workflows, and insufficient accuracy of the velocity model. Arora and Tsvankin (2016) perform specularity-based diffraction imaging for transversely isotropic (TI) media and Waheed et al. (2013) explore the estimation of TI parameters from traveltimes of diffractions. Orthorhombic symmetry generally provides a more realistic 3D representation of the subsurface compared to transverse isotropy (Tsvankin, 2012) . Here, we analyze edge and tip diffractions ( Figure 1 ) for objects embedded in an orthorhombic medium. Such diffractions may produce false subsurface features when migrated with inaccurate velocity (e.g., Trorey, 1970) . Hence, it is important to describe the behavior of these diffraction events when anisotropy is ignored or the anisotropic velocity field is distorted. Dip-angle common-image gathers (CIGs) have been effectively used for the construction of diffraction-based depth images and velocity analysis (Klokov and Fomel, 2012; Reshef and Landa, 2009 ). Arora and Tsvankin (2017) study diffraction and reflection events in the dip-angle domain for point scatterers and reflectors embedded in a VTI (TI with vertical symmetry axis) medium. Here, we compute 3D dip-angle gathers as a function of azimuth and dip and discuss the properties of diffractions produced by the edges and tip of a tetrahe-CWP-901 dron structure overlaid by an orthorhombic overburden layer.
3D DIP-ANGLE COMMON-IMAGE GATHERS
We extend the 2D methodology for computing dip-angle CIGs described by Arora and Tsvankin (2017) to 3D models. The traveltimes, along with the required angles, are computed for each point in the image space during migration. The angle between the source-and receiver-side slowness vectors (Ps and Pr, respectively) is called the scattering angle (ψ), whereas the angle between the sum of the slowness vectors Ps + Pr and the vertical axis is the dip angle (φ) ( Figure 2 ). The gathers are generated by 3D prestack Kirchhoff depth migration extended to orthorhombic media. P-wave kinematics in orthorhombic models is described by six parameters (Tsvankin, 1997 (Tsvankin, , 2012 : the vertical velocity VP0 (one of the symmetry planes is assumed to be horizontal), the normal-moveout (NMO) velocities V Ps and Pr are the source-and receiver-side slowness vectors, ψ is the scattering angle, φ is the dip angle, and α is the azimuth.
NUMERICAL EXAMPLES
We study diffractions from a tetrahedron reflector beneath an orthorhombic overburden (Figure 3) . The edges and tip of the tetrahedron produce diffractions that provide different angular illumination. Synthetic shot gathers are computed with a 3D pseudoacoustic modeling code based on the low-rank approximation (Wang and Tsvankin, 2016) . Numerical solutions of the eikonal equation that utilize fast sweeping are employed for calculating the traveltimes and slowness vectors (Waheed et al., 2015) . The acquisition geometry designed to record wide-azimuth reflections and diffractions is shown in Figure 4 . 3D Kirchhoff prestack depth migration performed using the actual model yields an accurate image (Figures 5a and 8a) . The dip-angle CIGs in two azimuthal directions at location (x = 1.16 km, y = 1.16 km) are shown in Figure 6 . Diffraction events produced by the tip of the tetrahedron have a flat moveout for all azimuths. These events in the dip-angle domain look similar to the diffractions from a 2D VTI ramp model discussed by Arora and Tsvankin (2017) . The gather at location (x = 1.35 km, y = 1.35 km) is constructed directly above the edge of the tetrahedron (Figure 7) . In the direction orthogonal to the edge (45 o azimuth) this diffraction event is flat when computed with the actual velocity model but it is curved in other azimuths. This behavior, however, might change for a different orientation of the symmetry planes in the overburden. Next, the gathers are generated at the same locations with a purely isotropic model using VP0 as the medium velocity (Figures 5b and 8b) . The distorted velocity field causes residual moveout for the tip diffractions in both azimuthal directions (Figure 9 ), while the edge diffractions develop residual move- out only for the 45 o -azimuth ( Figure 10 ). More numerical testing is being conducted to evaluate the influence on diffraction moveout of each parameter responsible for P-wave kinematics in orthorhombic media.
CONCLUSIONS
We described the construction of 3D dip-angle common-image gathers in orthorhombic media using Kirchhoff prestack depth migration. A model with a tetrahedron reflector was employed to analyze the tip and edge diffractions for the actual orthorhombic as well as purely isotropic velocity fields. Diffrac-tion events from the tip of the tetrahedron exhibit flat moveout in all azimuths when constructed with the actual velocity model. Velocity errors cause significant residual moveout of the tip diffractions, which varies with azimuth; this signature can be potentially used to refine the orthorhombic velocity field. Edge diffractions imaged with the actual velocity are flat only in the direction orthogonal to the edge. Ignoring the anisotropy parameters in migration leads to a noticeable residual moveout of the edge diffraction for that azimuth.
This study provides insights into the 3D behavior of diffractions in the presence of azimuthal anisotropy. Our results should be useful in performing diffraction separation and, potentially, model updating. Further numerical testing will help better understand the influence of the parameters of orthorhombic media on diffraction moveout in the dip-angle domain.
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